1 The transport signature of robust metallic surface modes of TIs is a plateau that arrests the exponential divergence of the insulating bulk with decreasing temperature. This universal behavior is observed in all TI candidates ranging from Bi2Te2Se (BTS) to SmB6. Introduction:
system to formulate a theoretical understanding of the exotic consequences of breaking TRS in TSMs.
Introduction:
Recent advances in the band theory of solids have resulted in a novel topological classification of insulators. The theory relies on the conservation of time reversal symmetry (TRS) that leads to a robust two-fold degeneracy of bands at certain high symmetry points in the Brillouin zone known as Kramer's degeneracy. In the presence of strong spin-orbit coupling, the Kramer's pairs can interchange partners as they cross the Brillouin zone from one high symmetry point to another, and therein, the TI is born. [10] [11] [12] [13] At the boundary between insulators of different topological classes, the band gap vanishes inevitably to allow for a change of band structure topology. 1 Therefore, the surface of a TI that is in contact with air (a trivial insulator) is metallic while the bulk is insulating.
The transport signature of such combination is an initial increase of the resistivity with decreasing temperature, followed by a resistivity plateau where the metallic surface conductance saturates the insulating bulk resistance. Such universal TI resistivity is observed in diverse TI candidates from BTS to SmB6. [2] [3] [4] [5] 14 All the exciting applications proposed for TIs rely on the robustness of their conducting surface modes protected by TRS. An intriguing question remains as to whether robust surface conduction can be induced but by breaking TRS, a regime where TIs cannot survive. In this work, we show that the answer is positive.
We present the rare-earth antimonide, LaSb, which like SmB6 has a cubic structure; SmB6 is simple cubic (space group P m-3m) while LaSb is face centered cubic (F m-3m). Through a series of transport experiments in a magnetic field, we arrived at two important observations: First, a fieldinduced resistivity activation that seems to diverge initially, but below ~ 15 K, the insulating-like 3 divergence is arrested by a plateau (Fig. 1a , red curve). Comparing the red curves in Fig. 1a A recent theoretical work by Zeng et al. has predicted that LaSb is a TI with a 10 meV gap that opens near the X point of the Brillouin zone (SI-E). 23 Motivated by this work, we grew LaSb single crystals using tin flux (SI-A, Fig. 1a , inset). Measurements were performed using a commercial Quantum Design PPMS on two samples labeled Sample 1 (higher quality) and Sample 2. The field direction is always parallel to the [001] direction of the crystal.
Results:
Fig . 1a and 1b compare the normalized resistance of LaSb with the TI candidate SmB6 to illustrate that the field tuning of resistivity in LaSb is analogous the pressure tuning of resistivity in SmB6.
Each R(T) curve in Fig. 1 is normalized by its individual value at T = 80 K. Contrary to the theoretical prediction by Zeng et al., 23 LaSb is not an insulator at zero field. Instead, it is a metal 4 with a residual resistivity as low as 80 nΩ cm, comparable to the highest quality intermetallic compounds. 24 Fig. 1a shows that a magnetic field of H = 9 T activates the R(T) curve into an insulator-like increase with decreasing temperature. However, this initial increase plateaus at T ≈ 15 K, making the R(T) curve in LaSb at H = 9 T comparable to the R(T) curve in SmB6 at H = 0 (red curves in Fig. 1a and 1b) . The plateau of LaSb onsets at T ≈ 15 K, three times higher than T ≈ 5 K in SmB6. Fig. 1b shows that 7 GPa of pressure completely suppresses the insulating resistance of SmB6 and turns it into a metal whose R(T) curve is similar to LaSb at H = 0 (green curves in Fig. 1b and 1a ). To summarize, increasing the magnetic field in LaSb and decreasing the pressure in SmB6 generate the same phenomenological changes in the normalized R(T). The insulator-like resistivity followed by a plateau in SmB6 has been taken as a transport signature of conducting surface states of a TI protected by TRS. 4, 5, 25 Revealing the same plateau by breaking TRS in LaSb opens a new approach to engineer robust metallic surface modes. show that the increasing resistivity of LaSb goes through an inflection and then plateaus. The temperature where ( ) plateaus is ill-defined, instead, the inflection point which appears as a peak in ⁄ , is well-defined (Fig. 2c) . We call the temperature of the inflection Ti and take it as a marker of the short-circuiting induced by the surface conduction. show that Tm and Ti merge at Honset implying that the resistivity plateau exists even at zero field. A similar behavior is seen in SmB6 whose metallic resistivity at P = 7 GPa seems to contain the same plateau that exists in the insulating curve at zero pressure (Fig. 1b) . Fig. 2e is a plot of ( ) as a function of −1 that allows us to estimate an insulating gap for T < Tm using reflecting a larger mean free path in Sample 1. Given comparable residual resistivity ratios (RRR), LaSb, NbP, and WTe2 present the largest MR across all non-magnetic semimetals (SI-B). The ripples on the MR data at T = 2 K and 5 K are quantum oscillations (discussed later). Fig. 3c shows that the higher MR in Sample 1, compared to Sample 2, originates from both a higher ρ(H = 9 T) and a lower ρ(H = 0) (Fig. 3c, inset) . Fig. 3d shows the resistance of Sample 2 (left y-axis) as a function of temperature (lower x-axis) as well as its MR (right y-axis) as a function of magnetic field (upper x-axis), before and after roughening its surface using an alumina abrasive plate. Both
R(T) and MR(H) remain almost unchanged after surface abrasion. Similar experiments have been
performed on SmB6 by Kim et al. to prove the robustness of surface states of the TI. 4 We use 6 resistance and not resistivity in Fig. 3d to eliminate geometric errors due to surface abrasion. MR, by definition, is independent of geometric factors.
To determine the sign and the mobility of the carriers in LaSb, we use a combination of resistivity and Hall effect. where (0) is the zero temperature limit of ( ) (Fig. 4b, inset) , we estimate the n-type carrier concentration n = 1.1 × 10 20 cm -3 in Sample 1 and n = 1.7 × 10 20 cm -3 in Sample 2.
Using the relation = index n as a function of −1 where H is the field at which resistivity is a maximum for integer n and minimum for half-integer n (SI-C and D). Our data are limited to a maximum field of H = 9
T, therefore we could count only down to n = 25. Linear fits in Fig. 4d intersect the y-axis at n = 0.78 ± 0.05 indicating a non-zero Berry phase in LaSb. The slope of these linear fits must equal the frequency of oscillations according to Onsager relation. We obtain Fmin = 218 T and Fmax = 216 T from the lines of minima and maxima (Fig 4f) , in agreement with Fα = 212 T (Fig. 4e) . The possibility of SdH oscillations originating from tin inclusions is excluded for two reasons: (a) lack of tin superconducting transition at 3.7 K (Fig. 4a , SI-A) (b) lack of the known oscillation frequencies of tin.
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Discussion
By comparing the effect of field on LaSb and the effect of pressure on SmB6 (Fig. 1) we formulate a direct link between topological insulators in the limit of preserved TRS and topological semimetals (TSM) in the limit of broken TRS. The only known field induced topological metallic state is the Weyl semimetal (WSM) with Fermi arcs on its surface that could result in quantum oscillations. [31] [32] [33] This is consistent with SdH oscillations and the finite Berry phase in LaSb. The data in Fig. 2 raises an important question: "how does a WSM in the plateau region connect to the field-induced insulator-like region Ti < T < Tm?" Fig. 2d shows that the extension of the metallic plateau (in temperature) is unaffected by magnetic field while the extension of the insulator-like regime increases with increasing field. This suggests a scenario of two-channel conduction: (i) the plateau channel that is not sensitive to magnetic field, and (ii) the insulator-like channel that is highly sensitive to magnetic field. Further work is required to understand the link between the resistivity plateau and the field revealed insulator-like regime in LaSb and other TSMs. properties yet its simple FCC structure does not break inversion symmetry, its band structure does not have a linear crossing (SI-E), and its electron-hole compensation is not perfect (SI-E).
The live comparison between our higher quality Sample 1 and lower quality Sample 2 makes it clear that the crystal quality, or the carrier mobility, is the key player in boosting XMR (SI-B).
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Note that the XMR in LaSb and other TSMs is a consequence of a metal to insulator-like transition at Tm induced by the magnetic field ( Fig. 2a-d) . The inset of Fig. 2b shows that XMR onsets at Honset = 0.4 T suggesting potential application of LaSb as a magnetic switch and a magnetic sensor especially since there is a current strong demand for magnetic sensors in the low field low temperature regime. 34 The exotic field effects recently observed in TSMs seems to shift the focus of the topological research community from the limit of protected TRS to the limit of broken TRS.
LaSb with its simple rock salt structure offers an ideal model system for detailed theoretical understanding of the field induced properties of TSMs. (Fig. 4a) , higher MR at H = 9T (Fig. 3c ), higher gap (Fig. 2f) , and higher RRR (Fig.   S1 ). Our live comparison between samples of different quality shows how increasing sample quality drastically changes the magnitude of magnetoresistance. Fig. S1 shows resistivity data at zero field from T = 300 K to 2 K with the RRR values extracted from a power law fit. The lack of a superconducting transition at 3.5 K excludes tin inclusion in our samples.
Section B: XMR in various semimetals
Recent efforts in growing crystals of compensated semimetals have given rise to a number of intermetallic compounds with extremely large magnetoresistance (XMR). Ali et al. 9 Zhu et al. Liang et al. 8 Liang et al. 
Section D: Indexing the Landau levels from quantum oscillations in resistivity
We used Shubnikov-de Haas (SdH) oscillations to detect a Berry phase in LaSb. Every time the 21 Fermi level falls between two Landau levels, corresponding to an integer number of filled Landau levels, conductivity shows a minimum and therefore resistivity shows a maximum. As explained in SI. C and Fig. S2 , = 1⁄ for LaSb due the small ⁄ ratio. Fig. S3 shows how we index the landau levels from the resistivity data. Fig. 4f in the main text, plots these indices as a function of the corresponding 1/H values.
Section E: DFT calculation on LaSb
Fig . S4 shows the results of our density functional theory (DFT) computation using WIEN2K code.
In agreement with Zeng et al., we observe two hole-like Antimony bands at Γ, and one electronlike band at X with a small gap near the X point where La and Sb states invert (the latter plotted as fat bands). A linear dispersion exists near the avoided crossing at X. The size of the electron and the hole pockets are not identical, hence, LaSb is not a resonant compensated semimetal, different from WTe2. Note that using an MBJ functional gives rise to a different result in LaSb
